before the host can mount an effective immune response. On the contrary, in reinfections, the immune memory response ensures a rapid accumulation of host immune effector molecules and the virus is contained and eliminated more rapidly than in primarily infections (Haig DM and McInnes CJ, 2002) . Nevertheless, reinfections are frequent.
Mild infections are usually self-limiting (Clarckson MJ, Faull WB,1990; Michelsen PGE, 2002) . In more severe infections various treatments have been applied, but results generally were not satisfactory (Reeid HW, 2002) . Therefore, a great interest exists for disease prevention. Only live vaccines are recommended. The traditional vaccine virus is prepared from the infected scabs of orf virus lesions in sheep and is used to vaccinate animals by scratching with an applicator. Up to date, several studies were conducted to evaluate the efficacy of live vaccines against orf in sheep. However, there is a lack of accord between the researchers about their efficacy (Valder WA et al., 1979; Mayr A et al., 1981 ; Buddle BM and Pulford HD, 1984; Pye D, 1990; Nettleton PF et al., 1996) . From these studies, only some (Mayr A et al., 1981) have conducted a field trial, while all the other trials have been conducted in controlled conditions. The majority of these efficacy trials have been accomplished in sheep, while data for goat vaccination is very limited in literature.
Considering all the above information, the aim of this study was to assess the protection ability of a commercially available live vaccine, under field conditions in 4 small ruminant flocks in Greece, that had high lamb and kid mortality attributed to severe orf infections.
Animals / @ivotinje
The main experimental study was conducted in 4 flocks of northern Greece (Macedonia and Thrace) in the year 2005. The next year, 2006, the same 4 flocks were monitored for their health status and the vaccine clinical efficacy. Flock 1. consisted of Lacaune sheep and was reared in Kozani area of West Macedonia. Flock 2. consisted of Lacaune and Friesian sheep and was reared in Xanthi area (Thrace). Flock 3. was mixed and consisted of Chios sheep (purebred and crosses with other local dairy breeds) and goats of local dairy breeds; the flock was reared in the Kavala area (East Macedonia). Flock 4. was also mixed and consisted of purebred Chios sheep and goats of local dairy breeds; this flock was reared in the Thessaloniki area (Central Macedonia).
During the past years (2001) (2002) (2003) (2004) high neonatal mortality, attributed to contagious ecthyma has been recorded in all flocks, as was confirmed by clinical examination, histopathology and PCR.
The animals of the 4 flocks were reared under a closed intensive feeding system. The adults were fed alfalfa hay, straw and a commercial concentrated feed according to their dietary requirements (NRC, 1981; 1985) . The neonatal lambs and kids were suckling their mothers and had free access to alfalfa hay and commercial concentrated feed. All the animals were free of ectoparasites, regularly dewormed and vaccinated against clostridial infections.
Vaccine / Vakcina
The vaccine Ecthybel ® , a product of Merial-France was used for this study. It contains live ecthyma virus cultured in cells at least 2.5 x 10 4 PFU.
Experimental design / Plan eksperimenta
In order to achieve homogenous crops of lambs and kids all ewes and does were estrus synchronized in June 2004. Each adult animal was also eartagged and at 2.5 months of pregnancy was examined by ultrasonography for their pregnancy status. In each flock, a month before the expected date of parturition (Day 0), all pregnant sheep and goats of each flock were separated from the non-pregnant animals.
From each participated flock, 10 sheep and 10 goats were randomly selected (a total of 40 sheep and 20 goats) as unvaccinated controls. From these animals blood samples were taken by jugular vein puncture and then they received a 1 ml subcutaneous injection of 0.9 % saline solution (Group 1 -control). The remaining pregnant sheep (1060 totally) and goats (130 totally) in each flock were vaccinated subcutaneously against orf virus (Group 2) with 1 ml of a commercial live vaccine (Ecthybel ® ) according to the vaccine instructions. Before vaccination blood samples were taken from 10 sheep and 10 goats randomly selected in each flock (40 sheep and 20 goats totally). After grouping, the animals of the 2 groups remained separate and were monitored daily for their health status. After parturition, their neonatal lambs and kids were also monitored daily. Lambs or kids with orf lesions were treated and the dead ones were immediately necropsied to identify the cause of death. Blood samples were also taken on days 60 and 105 post-vaccination from the adult animals.
The next lambing season (2006) the flocks 2, 3 and 4 were revaccinated as previously, while the owner of flock 1 refused to vaccinate his animals. The neonatal lambs and kids of the 2 groups were attended for their health status for 2 months.
Antibody determination / Odre|ivanje koncentracije antitela
The blood samples were centrifuged at 3000 rpm for 20 min and the serum was kept at 4 o C. A commercial ELISA kit (Teqlab Rothe-Swizerland) based on a specific antigen was used and the serum was tested in four subsequent tenfold dilutions. The samples were examined in duplicate for flock 2. One sample series was examined in the Laboratory of Microbiology and Infectious Diseases of the Veterinary School of Thessaloniki-Greece and the other in the Veterinary School of Hannover-Germany. For the other 3 flocks the samples were examined only in Thessaloniki.
Statistical analysis / Statisti~ke analize
Data were stored in a database and analyzed using SPSS 10.0 software (SPSS, 2000). The statistically significant association was determined by the Chi-squared test and the level of significance was P<0.05. In cases where the Chisquared test was not applicable (expected frequency less than 1 and over 20% of expected frequencies less than 5), Fisher's exact test was applied.
The vaccine efficacy assessment was based on the number of newborn lambs and kids of the 2 groups (vaccinated and controls) with orf lesions, on the neonatal mortality rate and on blood serum antibody levels of vaccinated and unvaccinated ewes and does.
The vaccine was significantly effective (P<0.05) in reducing the orf lesions and the mortality in lambs and kids of the 4 flocks in total.
Flock 1. Fifteen out of 15 lambs (100 %) from unvaccinated mothers (Group 1) had orf lesions at the age of 10-20 days and they all died despite treatment. In dead lambs severe stomatitis and bronchopneumonia was observed at necropsy. On the contrary, all the lambs (210 out of 210-100 %) of group 2 remained healthy and no losses due to orf were recorded. Flock 2. Ten out of 20 lambs (50 %) from unvaccinated mothers (Group 1) had orf lesions when they were 10-12 days old and they died despite treatment. At necropsy the same lesions as in lambs of flock 1 were observed. Five out of the 10 (25 %) other lambs of Group 1 showed orf lesions and after treatment they survived, while the other 5 lambs (25 %) had no orf lesions and grow normally. Regarding Group 2 animals, only 6 out of 230 lambs (2.6 %) had mild orf lesions at the commissures of the lips and no deaths were recorded. Flock 3. All the lambs (18 out of 18-100 %) and kids (15 out of 15-100 %) from unvaccinated mothers (Group 1) had orf lesions at the age of 10-15 days and they died despite treatment. At necropsy severe stomatitis and bronchopneumonia were also observed. Mild orf lesions at the lips were observed in only 3 out of 700 (0.43 %) lambs of Group 2 and they were treated successfully, while neither orf lesions nor deaths were found in kids (65 out of 65-100 %) from vaccinated does. Flock 4. All the lambs (19 out of 19-100 %) and kids (19 out of 19-100 %) from unvaccinated mothers (Group 1) had orf lesions when they were 15 days old and all were treated. After treatment only 1 out of 19 lambs survived (5.26 %), while all the kids died despite treatment. At necropsy they were found to have severe stomatitis and bronchopneumonia. All the lambs (290 out of 290-100 %) and kids (160 out of 160-100 %) of Group 2 were fully protected. No orf lesions and mortality attributed to the orf virus were recorded.
The 2 nd year (2006), the flocks 2, 3 and 4 that were revaccinated 1 month before parturition had minimal losses due to orf infection. The 1 st flock that was not revaccinated had orf lesions in 80 % of the neonatal lambs and mortality in 51.74 % of neonatal lambs (150 out of 290). The deaths were attributed to severe Results / Rezultati stomatitis and bronchopneumonia. The morbidity and mortality rate in unvaccinated flock 1 were significantly higher compared with the previous year (P<0.05).
No difference in antibody titres was recorded in the serological examination between the 2 laboratories. On Day 0 there were no significant differences in mean antibody titres (P>0.05) of the animals in the 2 groups. Besides, there were no significant differences in mean antibody titres of unvaccinated sheep and goats (Group 1) on days 0, 60 and 105 (P>0.05). A statistically significant increase (P<0.05) in mean antibody titres of sheep and goats among the 3 samplings (105 day>60 day>0 day) of the vaccinated Group 2 was recorded. The antibody titres in animals of Group 2 were significantly higher (P<0.05) than in Group 1 on days 60 and 105.
The number of the animals of each flock and the losses of the previous year (2004), before the experiment, are shown in Table 1 . The mortality rates for vaccinated and non-vaccinated flocks are shown in Table 2 . Figure 1 shows the results of serological examination from sheep of flock 2. Although a number of proprietary treatments as well as homeopathic preparations are available, the treatment of orf infections is usually not effective (Reid HW, 2002) . Moreover, the possible beneficial effects of treatment must be weighed against the danger of zoonotic infection (Valder WA et al., 1979 ; Smith MC and Sherman DM, 1994). Therefore, prevention measures of applying effective vaccination programs was essential, especially in flocks which experienced a high neonatal mortality rate in the previous years despite the application of different treatment protocols.
The use of orf vaccines in the field had a long story with controversial aspects about their efficacy and safety. Although they can limit the severity of the disease, they are not completely effective and vaccine strains may be the source of outbreaks (Girlay JA et al., 1998) . Nevertheless, their use is considered necessary especially in cases with a high neonatal mortality rate, as has been shown in the 4 flocks referred to in this study. Since there are no commercial vaccines against orf virus licenced in the Greek market, a special licence was obtained from the Ministry of Agriculture for the use of Ecthybel ® that is available in France. In literature, no available scientific information was found regarding the efficacy of this commercial vaccine in the field, something that probably makes this trial more interesting.
According to the vaccine instructions, pregnant animals should be vaccinated one month before parturition. Otherwise, neonatal lambs or kids should be vaccinated after the onset of the symptoms of the disease. In the pres- 
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Days / Dani
Control / Kontrola ent study, it was decided to vaccinate only adult animals, because results of a previous preliminary study conducted in Greece (Giadinis N, 2006) indicated that vaccination of neonatal lambs and kids with Ecthybel ® was not effective. Several trials for the evaluation of different orf vaccines had contradictory results. Different routes of vaccine administration and only sheep of different age and productive stage were used. Information regarding orf vaccination in goats is limited. In fact, only one trial so far has been reported in Norway. Unfortunately, the results of this trial were not reliable, as there was a contamination of the vaccine with the Border disease virus (Loken T et al., 1991) . The results from our study could be the first field trial with orf vaccine in goats.
In the present study, pregnant sheep and goats were vaccinated 1 month before parturition. The vaccine was administered with subcutaneous injection, which is an easy way of administration and is the common route of administration for the majority of small ruminant vaccines (Mobini S et al., 2002) . The subcutaneous route to vaccinate sheep against orf has been used only by some authors (Mayr et al., 1981) , while skin scarification of the inner thigh or the axilla is the most preferable route of orf vaccine administration (Buddle BM Nettleton PF et al., 1996) . Regarding the age and productive stage of vaccinated animals, many researchers in order to achieve better efficacy preferred to vaccinate lambs and not adult animals (Buddle BM and Pulford HD, 1984; Nettleton PF et al., 1996) . Vaccination with the Scabivax ® (Coopers Pitman-Moore) was more effective when administered in lambs or in the early or mid-gestation period of ewes (Clarckson MJ and Faull WB, 1990 ). In our study, the vaccine administration 1 month before parturition to ewes and does was effective without side effects. Our results are in accordance with the findings of Mayr A et al. (1981) , who vaccinated 4 sheep flocks with high lamb morbidity and mortality due to orf infection. They found, that sheep vaccination in late pregnancy reduced significantly morbidity and minimized almost totally the neonatal mortality. Lamb vaccination in the later study was also effective, but not as effective as in the vaccination of pregnant sheep.
The efficacy of vaccination in other trials differed. In Germany, Mayr A et al. (1981) had similar problems in sheep flocks with high morbidity and mortality and the live vaccine they used was also effective. and Buddle and Pulford (1984) had also good efficacy by vaccinating lambs, but had no efficacy by vaccinating pregnant ewes. Nettleton et al. (1996) used a commercial vaccine that was very effective in lambs, as in vaccinated lambs the lesions were milder than in unvaccinated ones. In literature, there were no studies reported about the efficacy of the orf vaccine in goats. As it has been shown in our study, the vaccination of pregnant does 1 month before parturition gives good protection to neonatal kids, as they had a low morbidity and mortality rate compared with non-vaccinated controls. Michelsen (2002) considered that vaccination failures can be attributed to the different strain virulence, but Reid HW (2002) assessed that there was no evidence to suggest that field isolates of different virulence existed. Pye (1990) had different results in Australia vaccinating sheep with 2 different vaccine strains (effective, non-effective).
In literature, vaccination failures for the orf virus are not attributed to the antigenic difference between the vaccine and field strains (Buddle BM, Pulford HD, 1990; Nettleton PF et al., 1996; Michelsen PGE, 2002 ). According to Nettleton PF et al. (1996) a live orf vaccine with an Australian strain had very good efficacy against the British strains. Our results are also confirmatory, since the French vaccine strain of Ecthybel was very effective in protecting the animals of 4 flocks in different areas of northern Greece.
The vaccine was clinically effective in reducing the morbidity and mortality rates in lambs and kids, while the orf lesions were milder in lambs and kids of vaccinated mothers. The clinical efficacy of the vaccine was further confirmed by the 2 nd year of the study, because the owner of flock 1 refused to vaccinate his flock, while the owners of the other flocks vaccinated them. There was an increased morbidity and mortality rate in flock 1 compared with the previous year (when he had vaccinated the animals) and the other 3 flocks, that continued to have reduced morbidity and mortality due to vaccination. Since the immunity is not long lasting (McKeever DJ and Reid HD, 1987) and reinfections are frequent, revaccination appears necessary.
In the present study, antibody levels determination by the ELISA test in sheep and goats showed an increase after vaccination. The same results have also been found in other studies with ELISA (Buddle BM, Pulford HD, 1990; Nettleton PF et al., 1996) . Yirell et al. (1989) vaccinated SPF Suffolk crossbred lambs and found an increase in antibody titres post-vaccination using ELISA, although some animals did not respond. The humoral response is affected by several factors; one of them is the animal breed . In other studies, an increase on post-vaccination titres was also found with other methods as the virus neutralization test (VN) and microtitre plate system (Mayr A et al., 1981; Pye D, 1990 ). As it has been shown by Housawi FMT et al. (1992) , ELISA is superior to AGID and CFT for orf antibody detection. However, in orf infections antibody determination is not indicative of the degree of protection from the disease (Buddle BM and Pulford HD, 1984; , because the cellular immune response and related immunomodulatory factors play a primary part in the protection from orf infection . So, post-vaccination antibody titres for the orf virus could be a good indicator for previous exposure to the virus, as was the vaccination with a live vaccine, but not for protection from the disease (Nettleton PF et al., 1996) .
From this study, it could be concluded, that vaccination of pregnant sheep and goats during the last month of gestation with a live orf vaccine (Ecthy-bel ® -Merial) appears to give good protection to neonatal lambs and kids against orf virus infection. However, annual re-vaccination seems to be necessary.
